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ABSTRACT 
Effect of Some Technological Factors on The Physical and Mechanical 
Properties of Ailanthus excelsa Wood-Cement Aggregate. 
 
The study is to investigate the effect of pretreatment (control, addition of 
CaCl2 and water extraction for 7 days), cement/wood ratio, partial 
replacement of lime for cement and curing time on some physical and 
mechanical properties and water absorption of Ailanthus excelsa wood-
cement aggregate in three separate experiments.  Wood particles were 
prepared from four Ailanthus trees brought from El Diling Forest.  
Commercial Portland cement was used as binder.  The first experiment was 
designed to study the effect of pretreatment and cement/wood ratio.  Five 
cement/wood ratios were used in this experiment, namely 1:1, 2:1, 3:1, 4:1 
and 5:1.  A total of 60 wood cement aggregate specimens were produced 
using metallic molds with dimension of 7×7×7 cm.  The specimens were 
removed from the mold after 24 hours and the specimens were then soaked 
in water for cement curing that last for 28 days.  The wood-cement blocks 
were tested for mechanical (compressive strength) and physical (water 
absorption and density) properties.  The effect of extraction on the 
mechanical properties and water absorption was dependent on the 
cement/wood ratios.  The second experiment was conducted to study the 
effect of partial replacement of cement by lime (10, 20, 30 and 40%) on 
wood cement aggregate properties.  Three ratios were used in this 
experiment (3:1, 4:1 and 5:1). Each combination of the treatment was 
replicated four times giving a total of 48 Specimen.  The wood-cement 
specimens were tested for mechanical (compressive strength) and physical 
(density and water absorption). 
The third experiment was conducted to study the effect of curing time.  
Again, three ratios were used in this experiment (3:1, 4:1 and 5:1).  After 24 
hours the blocks were removed from the molds and were then cured in water 
for 7, 14, 21 and 28 days respectively.  Four replicates of specimen from 
each combination of ratio and curing time were produced giving a total of 48 
Specimen.  The same mechanical and physical properties were tested.  
The results show that the extracted wood had significantly higher 
compressive strength and density and lower water absorption of Ailanthus 
wood-cement aggregate than un extracted wood at a higher cement/wood 
ratios.  Increasing cement/wood ratio lead to increase in compressive 
strength and density and but decrease in water absorption.  The compressive 
strength and density decrease when the replacement of cement by lime was 
increased, while water absorption increase when the amount of lime 
replacement increased.  Increasing curing time lead to an increase in 
compressive strength and density and decrease in water absorption.    
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
  اﻟﻤﻠﺨﺺ
  ﺮ ﺑﻌﺾ اﻟﻤﻌﺎﻣﻼت اﻟﻔﻴﺰﻳﺎﺋﻴﺔ ﻋﻠﻰ ﺑﻌﺾﻴﺗﺄﺛ
   اﻟﺨﺼﺎﺋﺺ اﻟﻔﻴﺰﻳﺎﺋﻴﺔ واﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ ﻟﺨﻠﻴﻂ رﻗﺎﺋﻖ ﺧﺸﺐ اﻻﻳﻼﻧﺴﺲ واﻷﺳﻤﻨﺖ
  
إﺿﺎﻓﺔ آﻠﻮرﻳﺪ اﻟﻜﺎﻟﺴﻴﻮم واﻻﺳﺘﺨﻼص ,  ﻋﻴﻨﺔ آﺸﺎهﺪ )  اﻟﻤﻌﺎﻣﻼت ﺮ ﻟﻤﻌﺮﻓﺔ أﺛ ﻟﺪراﺳﺔ ﻩ ا  هﺬ ﺖأﺟﺮﻳ 
اﻻﺣﻼل اﻟﺠﺰﺋﻲ ﻟﻠﺠﻴﺮ ﻣﺤﻞ اﻷﺳﻤﻨﺖ وﻓﺘﺮة ,  ﻧﺴﺒﺔ اﻷﺳﻤﻨﺖ ﻟﻠﺨﺸﺐ ,  (  ﺎﻩ ﻟﻤﺔ أﺳﺒﻮع ﺑﻮاﺳﻄﺔ اﻟﻤﻴ 
                أѧѧѧآѧѧѧﺴﻠﺴﺎ اѧѧѧﻻѧѧѧﻳѧѧѧﻼﻧѧѧѧﺴﺲ   ﺑѧѧѧﻌﺾ اѧѧѧﻟѧѧѧﺨﺼﺎﺋѧѧѧﺺ اѧѧѧﻟѧѧѧﻔﻴﺰﻳѧѧѧﺎﺋѧѧѧﻴﺔ وѧѧѧاѧѧѧﻟѧѧѧﻤﻴﻜﺎﻧѧѧѧﻴﻜﻴﺔ ﻟѧѧѧﺨﺸﺐ اѧѧѧﻟѧѧѧﻐﻤﺮ ﻓѧѧѧﻲ 
ﺎت اﻟﺨﺸﺐ ﻣﻦ أرﺑﻌﺔ ﺗﻢ ﺗﺤﻀﻴﺮ ﺟﺰﻳﺌ  .  ﻓﻲ ﺛﻼث ﺗﺠﺎرب ﻣﻨﺎﺳﺒﺔ واﻷﺳﻤﻨﺖ (  aslecxe suhtnaliA) 
  .واﻷﺳﻤﻨﺖ اﻟﺒﻮرﺗﻼﻧﺪي اﻟﺘﺠﺎري آﻤﺎدة ﻻﺻﻘﺔ . ﻦ ﻏﺎﺑﺔ اﻟﺪﻟﻨﺞ أﺷﺠﺎر ﺗﻢ ﺟﻠﺒﻬﺎ ﻣ
 ﻧﺴﺐ وﺗﻢ اﺳﺘﺨﺪام ﺧﻤﺲ  اﻟﻤﻌﻤﻼت  وﻧﺴﺒﺔ اﻷﺳﻤﻨﺖ ﻟﻠﺨﺸﺐ  ﻟﺪراﺳﺔ أﺛﺮ  اﻟﺘﺠﺮﺑﺔ  اﻷوﻟﻰ ﺻﻤﻤﺖ
 ﻣﻦ ﺧﻠﻴﻂ اﻷﺳﻤﻨﺖ  ﻋﻴﻨﺔ اﺧﺘﺒﺎر 06 ﺗﻢ ﺗﺠﻬﻴﺰ  ( 5:1 ـ 4:1 ـ 3:1 ـ 2:1ـ 1:1) أﺳﻤﻨﺖ إﻟﻰ اﻟﺨﺸﺐ 
ﺑﻌﺪ أرﺑﻌﺔ وﻋﺸﺮون ﺳﺎﻋﺔ ﺗﻢ ﻓﻚ اﻟﻌﻴﻨﺎت و  3ﺳﻢ(  7× 7× 7) ﺑﺄﺑﻌﺎد   ﺑﺎﺳﺘﺨﺪام ﻗﻮاﻟﺐ ﻣﻦ اﻟﺤﺪﻳﺪ واﻟﺨﺸﺐ
ﻗﻮاﻟﺐ اﻷﺳﻤﻨﺖ  . ﻣﻦ اﻟﻘﺎﻟﺐ وﻏﻤﺮهﺎ ﻓﻲ اﻟﻤﺎء ﻟﻤﺪة ﺛﻤﺎﻧﻴﺔ وﻋﺸﺮﻳﻦ ﻳﻮﻣﺎ ﻟﻀﻤﺎن ﺗﻤﺎﺳﻚ اﻷﺳﻤﻨﺖ 
ﺛﺮ اﻻﺳﺘﺨﻼص أ   (  اﻣﺘﺼﺎص اﻟﻤﺎء واﻟﻜﺜﺎﻓﺔ  ) وﻓﻴﺰﻳﺎﺋﻴﺎ (  إﺧﺘﺒﺎر اﻟﻀﻐﻂ )  اﻟﺨﺸﺒﻲ اﺧﺘﺒﺮت ﻣﻴﻜﺎﻧﻴﻜﻴﺎ 
  . اﻋﺘﻤﺪ ﻋﻠﻰ ﻧﺴﺒﺔ اﻷﺳﻤﻨﺖ ﻟﻠﺨﺸﺐ ﻓﻲ اﻟﺨﻠﻴﻂﺎص اﻟﻤﺎءﻓﻲ اﻟﺨﻮاص اﻟﻤﻜﻨﻴﻜﻴﺔ واﻣﺘﺼ
 04 , 03,  02,  01ﻣﺤﻞ اﻷﺳﻤﻨﺖ ﺑﻨﺴﺒﺔ  اﻹﺣﻼل اﻟﺠﺰﺋﻲ ﻟﺠﻴﺮ ﻟﺪراﺳﺔ أﺛﺮ   اﻟﺘﺠﺮﺑﺔ اﻟﺜﺎﻧﻴﺔ ﺻﻤﻤﺖآﻤﺎ 
  ,  4:1  ,  3:1 )  ﺛﻼث ﻧﺴﺐ أﺳﻤﻨﺖ ﻟﻠﺨﺸﺐ اﺳﺘﺨﺪﻣﺖ ﻟﻬﺬﻩ اﻟﺘﺠﺮﺑﺔ   . واﻟﺨﺸﺐ اﻷﺳﻤﻨﺖ ﻓﻲ ﺧﻠﻴﻂ %  
ﻋﻴﻨﺎت اﻷﺳﻤﻨﺖ اﻟﺨﺸﺒﻲ .   ﻋﻴﻨﺔ 84 ﻋﺪد ﺞوﺗﻢ اﺟﺮاء أرﺑﻌﺔ ﺗﻜﺮارات ﻷي ﻣﻌﺎﻣﻠﺔ وآﺎن اﻟﻨﺎﺗ  (  5:1
   .( اﻣﺘﺼﺎص اﻟﻤﺎء واﻟﻜﺜﺎﻓﺔ )وﻓﻴﺰﻳﺎﺋﻴﺎ( إﺧﺘﺒﺎر اﻟﻀﻐﻂ) اﺧﺘﺒﺮت ﻣﻴﻜﺎﻧﻴﻜﻴﺎ
وأﻳﻀﺎ ﺗﻢ اﺳﺘﺨﺪام ﻋﺪد ﺛﻼث ﻧﺴﺐ ﻨﺎت ﻓﻲ اﻟﻤﺎء ﻏﻤﺮ اﻟﻌﻴ ﻓﺘﺮة ﺮ  ﻟﺪراﺳﺔ أﺛ  اﻟﺘﺠﺮﺑﺔ اﻟﺜﺎﻟﺜﺔ ﺗﻢ ﺗﺼﻤﻴﻢ 
وﺑﻌﺪ أرﺑﻊ وﻋﺸﺮﻳﻦ ﺳﺎﻋﺔ أزﻟﺖ ﻣﻜﻌﺒﺎت  (  5:1  ,   4:1  ,  3:1)  ﻲ هﺬﻩ اﻟﺘﺠﺮﺑﺔ اﺳﻤﻨﺖ ﻟﻠﺨﺸﺐ ﻓ 
ﻳﻮم وهﺬا ﻳﻜﻮن ﻋﻠﻰ (   82 ـ 12 ـ 41 ـ 7) اﻟﺨﺸﺐ اﻷﺳﻤﻨﺘﻲ ﻣﻦ اﻟﻘﻮاﻟﺐ وﻏﻤﺮت ﻓﻲ اﻟﻤﺎء ﻟﻤﺪة 
 ﻋﻴﻨﺔ  آﻤﺎ أﺟﺮﻳﺖ ﻧﻔﺲ 84وﺗﻢ اﺟﺮاء أرﺑﻌﺔ ﺗﻜﺮارات ﻷي ﻣﻌﺎﻣﻠﺔ  وآﺎن ا ﻟﻨﺎﺗﺞ ﻋﺪد  .  ا ﻟﺘﻮاﻟﻲ 
    .ﻴﻜﻴﺔ واﻟﻔﻴﺰﻳﺎﺋﻴﺔ اﻻﺧﺘﺒﺎرات اﻟﻤﻴﻜﻨ
اﻟﻨﺘѧѧﺎﺋﺞ وﺿѧѧﺤﺖ أن اﻟﺨѧѧﺸﺐ اﻟѧѧﺬي ﺗѧѧﻢ اﺳﺘﺨﻼﺻѧѧﻪ ﺑﻮاﺳѧѧﻄﺔ اﻟﻤﻴѧѧﺎﻩ اﻣﺘﻠѧѧﻚ ﻗѧѧﻮة ﺿѧѧﻐﻂ وآﺜﺎﻓѧѧﺔ ﻋﺎﻟﻴѧѧﺔ 
واﻣﺘѧﺼﺎص ﻟﻠﻤﻴѧﺎﻩ أﻗѧﻞ ﻣѧﻦ اﻟﺨѧﺸﺐ اﻟﻐﻴѧﺮ ﻣѧﺴﺘﺨﻠﺺ ﻓѧﻲ ﻧѧﺴﺐ اﻻﺳѧﻤﻨﺖ ﻟﻠﺨѧﺸﺐ اﻟﻌﺎﻟﻴѧﺔ وزﻳѧﺎدة ﻧѧﺴﺒﺔ 
ﻨѧﺪ زﻳѧﺎدة ﻧѧﺴﺒﺔ اﻻﺳﻤﻨﺖ ﻟﻠﺨﺴﺐ أدت ﻟﺰﻳﺎدة ﻓﻲ ﻗﻮة اﻟﻀﻐﻂ واﻟﻜﺜﺎﻓﺔ وﻧﻘﺼﺎن ﻓѧﻲ اﻣﺘѧﺼﺎص اﻟﻤﻴѧﺎﻩ وﻋ 
. اﺣѧﻼل اﻟﺠﻴѧﺮ ﻣﺤѧﻞ اﻷﺳѧﻤﻨﺖ أدت ﻟﻨﻘѧﺼﺎن ﻓѧﻲ ﻗѧﻮة ال ﺿѧﻐﻂ واﻟﻜﺜﺎﻓѧﺔ وزﻳѧﺎدة ﻓѧﻲ اﻣﺘѧﺼﺎص اﻟﻤﻴѧﺎﻩ 
 .زﻳﺎدة ﻓﺘﺮة اﻟﻐﻤﺮ أدت ﻟﺰﻳﺎة ﻓﻲ ﻗﻮة اﻟﻀﻐﻂ واﻟﻜﺜﺎﻓﺔ وﻧﻘﺼﺎن ﻓﻲ اﻣﺘﺼﺎص اﻟﻤﻴﺎﻩ 
CHAPTER I 
INTRODUCTION 
 
Wood is a remarkable, sturdy, durable, renewable, recyclable and good 
construction raw material.  Wood is used as fuel, in furniture and wood 
composites.  Wood excelsior cement panels were first historically thermo 
insulating material in housing in the United States.  Recycled treated wood, 
if properly managed, can be a good fiber source for the manufacture of 
wood-cement products.  As an attractive solution for the after service, 
disposal of treated wood is reconstituted in wood products such as 
hardboard, fiberboard and cement-bonded particleboard.  Recycling wood 
into wood composite products becomes increasingly attractive because it not 
only benefits the environment, but also has an economic value.  A wood-
cement particle composite is composed of wood particles, Portland cement 
and water.  The wood-cement composites have a history of several decades 
in the United States (Wolfe 1997, 1999).  Cement-bonded wood composites 
have been proven to be economically feasible as cladding materials.  
Preliminary research has shown that these materials can be fabricated to 
resist periodic moisture and temperature effects (Dinwoodie and Paxton 
1991; Karam and Gibson 1992; Wolfe and Geimer 1997). 
Wood-cement composites are generally placed into two categories: wood 
particle-cement composites and wood fiber-reinforced cement products. 
Wood particle-cement composites have been in use as architectural, fire-
resistant and acoustic panels.  Wood-cement fiber board was first developed 
in Australia over 100 years ago. Wood fiber-cement products were 
developed primarily as a substitute for asbestos-cement and are relatively 
new, developed and promoted mostly in the last 25 to 30 years.  These 
composite materials have been developed primarily by private companies 
and thus have received relatively little attention in published technical 
literature.  Wood fiber-cement products were extremely strong, resistant to 
fires, insects and rot and also used for decoration purposes (Moslemi and 
Hamel 1989).  Wood-cement particle boards were developed in 1960 
(Moslemi and Hamel 1989).  The wood particle-cement composites have a 
slightly longer history as commercial products than do wood fiber-reinforced 
cements, but they have received far less rigorous research attention. These 
composites generally have densities in the range of 300 to 1,300 kg/m3.   
Research in Europe in the 1920s led to the common practice of using wood 
chips in cement to make building blocks.  By 1940, there were a number of 
manufacturers producing cement-bonded wood composite commonly called 
wood wool, which uses a wood: cement ratio in the range 0.4 to 0.6 by 
weight.  Wood wool is made with a ribbon like particle called excelsior. 
These ribbons are coated with cement and pressed into panels that have 
densities in the range of 300 to 500 kg/m3.  Wood wool is attractive for use 
as noncombustible and sound-absorbing ceiling and wall panels.  In 1973, a 
Swiss company called Durisol was among the first to produce a building 
panel consisting of small wood flakes bound in a cement matrix.  The 
composite is roughly 20 percent wood by weight and has a density closer to 
1,300 kg/m3.  The presence of cement in wood cement aggregate prevent 
wood from decay, insect attack and fire.  Different types of wood particles 
such as sawdust, fibers, chips, shavings and wood wool can be used to 
manufacture wood-cement particle boards.   
 
 
 
 
 
 
1.1 Objectives: 
1.1.1 Overall objective of this study was:- 
To study the potential of manufacturing wood-cement aggregate from 
Ailanthus excelsa. 
 
1.1.2 The specific objectives were to investigate the effect of some 
technological factors on some physical and mechanical properties of 
Ailanthus excelsa wood-cement aggregate these factors are: 
? Cement/wood ratio.  
? Wood pretreatments (addition of calcium chloride and water 
extraction)  
? Partial replacement of cement by lime. 
? curing time  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER II 
LITREATURE REVIEW 
 
Wood fiber can be found in a myriad of products from toothpaste to tires.  
Processing wood uses less energy than metals, petrochemical-based plastics 
or cement-based materials.  Wood insulates 400 times better than steel and 
eight times better than concrete.  Composite wood-cement panels are made 
from mix wood strands, chips or fibers and cement appears to have the 
potential to satisfy these requirements.  Wood-cement composites are very 
interesting for construction purposes, mainly for rural buildings.  Cement-
bonded wood composites are used in wide range of building types (Tuazon 
1999). 
 
2.1 History of Wood Cement Product 
Wood-cement composites have along history of several decades in the 
United States.  Mineral-bonded wood products were initially developed in 
Europe nearly half century ago.  The first product was magnetite-bonded 
light weight wood wool (excelsior) board, which was later modified to adopt 
Portland cement as a binder.  Currently, cement-bonded excelsior boards are 
produced in the United States and some other countries for roof decking and 
wall paneling applications.  This product has a good acoustic and fire 
resistant properties, but its strength and thermal insulation capabilities are 
only moderate (Lee 1984, 1985).  Inorganic-bonded composites, cement-
bonded wood composites, or as they are more commonly called ''cement 
boards'' had along history of several decades in Europe, The Philippines, 
Japan and the United States.  In the Philippines, cement board is fabricated 
using mostly manual labor and is used in low cost housing.  The use of 
shredded wood, termed as wood wool or excelsior as reinforcement for 
inorganic binders date back to the beginning of the 19th century.  Gypsum-
and magnetite-bonded excelsior boards were manufactured in 1905 and 
1915, respectively (Kossatz et al. 1983).  Wood Wool Cement Boards 
(WWCBs) was first manufactured in Austria in the 1920s and by the 1940s 
was in extensive use throughout Austria and Germany.  After World War II 
the use of the product gradually spread throughout the world as an example 
of this expansion, between the years of 1960 and 1975, one large Dutch 
WWCBs and machinery manufacturing company, Eltomation, supplied more 
than 80 plants to 28 countries.  However, the first commercial production of 
WWCBs started and was patented in Austria in 1927.  The first commercial-
scale WWCBs plant was established in 1980s.  More plants were established 
in the early 1990s partillay due to the large demand for the product that meet 
housing requirements of the country.  Currently, the housing unit deficit is 
around 3.3 M (Tuazon 1999).  After about a decade, the industry has 
expanded to its current number of 14 WWCB plants.  The Forest Product 
Laboratory has been working with cement board for several years and 
believes that there are great market opportunities for this building material in 
the United States.  In Japan, the fabrication of cement board is automated 
and used in expensive modular housing.  The versatility of cement board 
manufacturing make it ideally suited to recycled wood with a small capital 
investment and the most rudimentary tools, good-quality cement boards can 
be produced. 
 
2.2 Types of Wood-Cement Products 
There are four types of wood-cement products, namely wood wool-cement 
board, wood-cement particleboard, wood fiber-cement board, and wood-
cement building blocks. 
  
 
 
2.2.1 Wood wool cement board 
Wood wool cement board (WWCB) is a panel product consisting of long 
thin strands of wood that are bonded together with an organic binder such as 
Portland cement.  WWCB was first developed in Europe in the 1920s.  It's 
currently manufactured in many countries around the world.  Panel 
dimensions are mainly 610 mm in width and 2440 mm in length with a 
thickness ranging from 8 to 50 mm. It is usually produced in densities from 
450 to 900 kg /m3 (Moslemi and Hamel 1989).  The particle is produced by 
shredding debarked wood bolts, approximately 50-cm long curly Strands 
vary in thickness from 0.08 to 0.50 mm and in width from 0.60 to 12.5 mm.  
Wood wool is made from debarked softwood or hardwood logs that have 
been stored for varying periods of time to reduce the starch and sugar 
content of the wood. After storage, logs are cross-cut into billets and these 
are shredded on a shredding machine to produce wood-wool (Evans et al. 
2000).  WWCBs are manufactured commercially in Australia from pinus 
radiata, occasionally contain localized areas in which there is poor bonding 
between wood and cement.  The main application of WWCBs in Philippine 
is a construction panel for low cost-effective residential houses.  Due to its 
excellent sound absorption, thermal resistance, durability, ease of machining 
and resistance to water, fungi, termites and fire; WWCBs has been used as 
flooring, exterior cladding, interior walls and cabinets in theatres and cold 
storage rooms.  WWCBs have been shown to have the essential properties to 
satisfy the various economic, cultural, safety and health requirements of the 
Philippines (Pablo et al.  1994). 
 
2.2.2 Cement-bonded particleboard 
Cement-bonded particleboard (CBPB) is a composite made primarily of 
cement, wood and small amount of additives.  In early 1950s, several 
patterns were obtained on cement-bonded particleboard which was made 
from wood particles, planer shaving and cement.  The strength of this 
product was very high in comparison with excelsior board.  It's manufactured 
mainly from familiar and proven raw materials cement and wood particles to 
which very small quantity of additives were added to improve the setting of 
cement.  The mineralization process enables the wood particles to resist 
biological attack, erosion and decay.  It is a transformation of an organic 
material into a state where it is resistant to the otherwise destructive 
influences of moisture, rot, fungi, fire, insects, chemicals, weathering and 
has dimensional stability.  Conventionally, CBP has all internal PH of above 
12.  This high PH is not favorable to brown rot fungi attack.  Since that time 
researchers have attempted to identify suitable wood species and select 
effective additives and treatments to improve this product (Biblis and Lo 
1968; Liu and Moslemi 1985; Moslemi et al. 1983; Moslemi and Lim 1984).  
Cement-bonded particleboards (CBPBS) were developed in the 1960s and 
the technology used to produce them show many similarities to that used to 
manufacture resin-bonded particleboard (Moslemi and Hamel 1989).  
Cement Bonded Particle Board differs from Wood Wool-Cement Board in 
that the wood is in particle rather than strand form and the finished boards 
are usually much wider and pressed to a higher density of about 1250 kg/m3.  
The production of these boards generally requires high technology 
equipment since the boards are required to meet strict international standard 
concerning their bending strength and thickness swelling (Moslemi and 
Hamel 1989).  Until June 1997 the specification and use of particleboard was 
governed by BS 5669, which defined a number of classes for each board 
type based on adhesive bond quality and mechanical performance.  
However, on 30th of June 1997 a new package of European Standards for 
wood based panels was introduced and BS 5669 was declared obsolete.  
While existing stocks of particleboard will be sold under the old 
classifications, all boards manufactured since June 1997 will use the new 
English classifications.  The standard dimensions of CBPs are 2400 up to 
3600 mm in length, 1200 to 1250 mm in width and a Thickness ranges 
between 4 to 40 mm.  Board's densities rang between 1200 and 1950 kg/m3 
(Maloney 1989) and 1400-1700kg/m3 (Kavvours 1987). 
 
2.2.3 Wood-cement building blocks 
Adapting a technology has been used in Europe for decades where light 
weight building blocks are made from cement and recycled wood fiber.  
Blocks offer exciting new possibilities for building houses and small 
buildings that are affordable, non-toxic and made from high recycled-content 
materials.  The blocks are strong, lightweight, durable, and can be worked 
with conventional saws.  They also insulate well, which is one of their 
greatest advantages over conventional concrete block.  The product standard 
is 12" high, 9" wide, and 12", 24", or 36" long.  The blocks are about 80% 
wood fibers, which has been specially treated with a patented, non-toxic 
process where mineral coats the fibers, making them immune to rot or insect 
damage.  Because of their density, most composites are highly resistant to 
the passage of termites, vermin, or other nesting insects (Mehta et al. 1993).  
The use of wood-cement particle bricks in load bearing walls where the 
compression is solicited will require information on the compressive load-
deformation and toughness as well.  The blocks are about 30cm high, 20cm 
thick and 121cm long (Maloney 1989).  The blocks are lightweight and 
available with mineral fiber insulation to provide an energy-efficient, fire, 
termite resistant and durable structural wall system.   
 
2.2.4 Wood-fiber reinforced cement 
Organic bonded fiber composites include building material such as wood-
cement board or wood gypsum board.  The material consists of a wood fiber 
or particle component bonded within an inorganic mineral matrix.  Fiber-
reinforced cement-based materials have found increasing applications in 
residential housing construction.  Currently, wood fiber-cement composite 
products can be largely found in non-structural housing components, 
including siding and roofing materials.  The wood fiber-cement composites 
themselves offer decay and fire resistance, dimensional stability and good 
mechanical properties.  Cement fiberboard has good applications because 
wood fibers offer distinct advantages such as availability, weather and fire 
resistant and current manufacturing technologies. These products are 
produced for sub flooring shakes or shingles, tiles, siding and fencing.  Pulp 
fiber is a unique reinforcing material because it is renewable, widespread 
availability, high fiber tensile strength, high fiber modulus of elasticity and 
well-developed technology to extract the fibers compared to other 
commercially available fibers (MacVicar et al. 1999).  The wood-fiber, 
which is usually obtained from softwood chemical pulp, acts as a reinforcing 
agent in the boards, a role previously played by asbestos fibers in an older 
generation of building materials.  Wood pulp fiber-cement composites offer 
numerous advantages when compared to both non-fiber-reinforced cement 
materials as well as other fiber-reinforced cement-based materials. 
   
2.3 Factors Affecting Wood-Cement Products 
The quality of wood-cement products is affected by various factors.  Some 
of them are related to the raw material (e.g. wood species and type of 
cement, particle geometry and density) and some are related to the 
manufacturing process (e.g. pressure, additives and cement/wood ratio). 
 
2.3.1 Wood species 
When wood particles are mixed with Portland cement paste and allowed to 
harden, a composite is formed that can be used as a structural material.  The 
bonding strength between wood and cement depends primarily on the wood 
species selected.  Some wood substances cause inhibition of cement setting.  
These substances had been found in hard wood more than in soft wood 
(Miller and Moslemi 1991).  In general, hard woods are more incompatible 
with cement than soft woods and this is due to their higher content of 
hemicelluloses, phenol substances and sugars than softwoods.  Thus, many 
hardwoods in their natural state are unsuitable for wood-cement composite 
manufacture (Weatherwax and Tarkow 1964).  Soft wood is generally more 
compatible with cement than hard wood, although there is exception, such as 
western larch (Miller and Moslemi 1991).  Some of wood species inhibit the 
setting of cement because of its high content of sugars, hemicelluloses and 
phenol substances (Moslemi et al. 1983; Miller and Moslemi 1991).  Other 
species inhibit the setting of cement because of their higher content of lignin; 
lignin has been reported to affect the setting of cement (Vermass 1974).  
Sandermann et al (1960) reported that starch, sugar, tannin and certain 
phenols were inhibitory in nature.  Differences in behavior of species when 
they mixed with cement due to the differences in the water-soluble 
substances present in the cell wall of the wood (Biblis and Lo 1968; Fisher et 
al. 1974).  Alternatively, certain species, for example Acacia mangium, 
contains soluble compounds which, although present in the wood in small 
quantities may have strong inhibitory effects (Tachi et al. 1989).   
Liu and Moslemi (1985) found that no influence was exerted on the setting 
of cement or hydration behavior when 0.1% of the extractives (based on 
cement weight) were added to the wood-cement mixture, but addition of 
0.6% extractives was quite sufficient to completely inhibit cement setting.  
Moslemi (1989) noted that different wood species may have the same 
extractives content, but different compatibility with cement.  This is because 
the constitution of the extractives varies among species.  The nature and 
quantity of the wood component critically affect the cement hydration 
reactions and composite strength.  Wood species that greatly inhibit cement 
hydration are classified as incompatible with cement and therefore 
unsuitable for the manufacture of wood-cement composites.  Both tropical 
and temperate species are often not immediately suitable for cement-bonded 
composites because of the presence of soluble wood extractives including 
sugars and heartwood tannins that affect the bonding between wood and 
cement.  Simple sugars inhibit the setting of cement and hence wood-cement 
composites can only use certain wood species that have low concentration of 
simple sugars.  High amount of extractives had been found in tropical woods 
(Fengel and Wegener 1984).  The extractives in tropical species may be up 
to 30 percent or more (Anderson 1962).  As a result, many previous attempts 
to use Acacias (particularly tropical species) in wood cement composites 
have not been successful.  
  
2.3.2 Cement/wood ratio 
A preliminary study by Presteman (1976) indicated that wood-cement 
composite board made from wood saw dust and cement had a higher 
mechanical strength when the cement/wood ratio was increased from 3/4 to 
3/2.  If a lower cement/wood ratio (mat-to-board thickness ratio) is used it 
results in lower bending strength.  The use of more cement and less wood 
can reduce the manufacturing cost.   
Past research in wood-cement compatibility was typically carried out in the 
laboratory using mixture with high cement ratio of 13.3/1 (Weatherwax and 
Tarkow 1964, 1967).  This ratio is far above that used in commercial 
production.  High cement-wood ratio can over shadow the effect of species 
and treatments on hydration characteristics, especially when an effective 
additive is added to the mixture (Lee and Hong 1986).  The decrease of 
wood /cement ratio reduces hydration temperature, compressive strength and 
prolong time of hydration (Lee et al. 1987).  Cement-bonded exterior board 
is a 50/50 mixture of cement and wood or other lignocellulosic fiber.  It is 
surprisingly light weight, easy to nail and saw, and has excellent insulation 
properties.  In addition, cement board is very resistant to moisture, rot and 
insect and vermin attack.  Compressive strength of wood-cement mixture 
was significantly reduced as cement/wood ratio was decreased (Lee et al. 
1987).  Also, Abdelgadir and Ibrahim (2003) concluded that increasing 
cement/wood ratio lead to an increase in compressive strength when they 
worked on five Sudanese hard wood species. 
 
Wood pretreatments and the addition of chemical additives 
Extractives content of any species is the main factors that determine its 
suitability for production of wood-cement product.  Usually there is an 
inverse relationship between the extractive content of wood and the 
hydration temperature of wood-cement mixtures.  The hydration-inhibiting 
effect of wood sugars and extractives can be reduced by seasoning the logs, 
washing and/or adding chemicals such as calcium chloride and sodium 
silicate.  Wood sugars slow down hydration, which may lead to completely 
no cement setting, while calcium chloride increases hydration (Sandermann 
and Kohler 1964).  Using 6 species a research work found that the addition 
of 3% calcium chloride (based on cement weight) to wood-cement mixture 
greatly increased the maximum hydration temperature and compressive 
strength (Lee and Hong 1986).  A number of chemical additives such as 
calcium chloride, calcium hydroxide, ferric sulphate, ferric chloride and 
sodium silicate were used as accelerators to reduce the inhibitory effects of 
wood on cement setting and improve the hydration characteristics of cement-
bonded composites (Moslemi et al. 1983; Lee and Hong 1986 and Lee and 
Short 1989).  The most common accelerators are calcium chloride and 
aluminum sulphate because of their availability, efficacy and relative low 
cost.  Addition of 2% aluminum sulphate or magnesium chloride improves 
the board properties as reported by Sudin and Ibrahim (1989).  Wood 
component may also be solubilized and/or degraded by calcium hydroxide 
(Whistler and Bemiller 1958); which is formed during cement hydration.  
Various treatments especially hot water extraction of the wood has been 
reported to shorten the setting time of wood-cement mixture (Biblis and Lo 
1968; Moslemi et al. 1983).  Studies have shown that injection of carbon 
dioxide promote cement cure and improves compatibility of wood and 
cement.  Such deleterious interactions between wood and cement can be 
more pronounced with certain wood species, for example western larch 
(Larix occidentalis), because they possess greater quantities of cement-
inhibiting compounds that are easily leached from the wood with alkaline 
extraction methods.  Medium another way to reduce the effect of extractives 
in wood-cement mixture is soaking of wood, in various solvent such as 
soaking wood in cold water that improves cement setting by dissolving 
tannins, gums, sugars and coloring matter (Anonymous 1959).  Moslemi and 
Lim (1984) concluded that hot water extraction actually improve the 
compatibility of twelve hard-wood species with cement by dissolving 
tannins, gums, sugars, coloring matter and starches.  After soaking in cold 
water and hot water, the tannins and the sugars in wood, which inhibit 
cement hydration, decrease so that hydration temperature and compressive 
strength increase. 
Chemical accelerators play an important role in the hydration process of 
cement.  These additives when incorporated in wood-cement composites 
enhance the hydration characteristics of cement and cement-based 
composites.  They rapidly cure the cement and minimize the inhibitory effect 
of low-molecular weight extractives found in most wood species and thus 
increase board strength.  Various types of cements differ in their setting 
time; however, this can be significantly increased by using chemical 
accelerators.  It was shown that the use of carefully selected chemical 
additives, either singly or in combination, can eliminate the need of pre-soak 
of the wood, thus addressing problems related to the extra time, space and 
water required for this process and for the disposal of extract.   
   
2.3.4 Particle geometry 
Geometry means size and shape of wood particles.  It's found that particle 
geometry affects the properties of wood-cement mixture.  The longer and 
thinner wood flakes are the stronger and stabilize the cement-bonded wood 
boards.  The moisture content of wood-based core material products may 
vary greatly prior to processing, as not only the climatic conditions but also 
the type of wood used to produce the particles or fibers (bulk density), the 
shape and size of the fibers or particles, the cross sectional density profile, 
the mean bulk density and the bonding agent distribution, etc. are of 
significance in respect to the hygroscopic properties of the material (Badejo 
1988).  Also, Badjo found that water absorption and thickness swelling were 
highly correlated with flake length, flake thickness and cement composite 
density.  
 
2.3.5 Quantity of water added to wood-cement aggregate 
Wood-cement-water system is highly species-sensitive (Hofstrand et al. 
1984).  Water is considered as the worst enemy of wood, however, water by 
it self doesn’t cause deterioration.  Little quantity of water will cause stiffing 
material and make it difficult to mix while more water will dilute the cement 
constituents and would also increase setting time (Hachmi et al. 1990).   
The sources of water in the cement-wood mixture are water in the wood 
cells, water in the additives and the added water (Lee et al. 1987).  Water 
which was needed to mix cement and wood is about 2.7 ml for each gram of 
wood (oven dry base) and 0.25 ml for each gram of cement (Weatherwax 
and Tarkow 1967).  Simatupang (1979) stated that the optimum amount of 
water for wood-cement mixture is inversely proportional to the specific 
weight of wood.  The manufacture of cement-bonded particleboard mixture, 
Portland cement, wood and water is made in a ratio of 3:1:1, respective 
(Anonymous 2001). 
 
2.3.6 Board density 
Lee and Hong (1987) found that wood species has very little effect on the 
density of compression samples they studied and concluded that the density 
of wood-cement mixture is affected by the cement /wood ratio, which affect 
the final density of the board.  Also, Oyagade (1990) reported that increasing 
density due to increase in cement/wood ratio resulted in a decreased bending 
strength.  The effect of cement/wood ratio on compressive strength was 
expected to be related to the density of the wood-cement mixture (Ibrahim 
1995).   
The ideal densities which were used for construction purposes are ranging 
between 240 and 420 kg/m3.  Also board densities between 160 and 600 
kg/m3 were used (Moslemi 1974).   
 
Compatibility of wood with cement 
Compatibility of wood with cement means its ability to combine with 
Portland cement.  The wood-cement composite problem is the cement 
selectivity regarding its compatibility with various species.  A main issue 
when examining the suitability of wood species for the manufacture of 
wood-cement composites is the effect that the wood exerts on the hydration 
(setting) of cement.  Layers of more or less impermeable hydrates are formed 
around non hydrated cement grains and thus delay and even sometimes 
inhibit the cement setting. Nevertheless, additives such as setting 
accelerators are often used in wood-cement composites to reduce delays in 
the setting.  The addition of an accelerator is the simplest and the most used 
treatment for manufacturing wood-cement composites.  Chlorides are the 
most efficient accelerators (Sauvat et al. 1996).  With the addition of calcium 
chloride an increase of 50% of the total enthalpy is observed in wood-cement 
composites hydration, because calcium chloride mostly influences 
aluminates phases (Hachmi 1988).  Also, hot water extraction was effective 
at increasing the compatibility of wood-wool with cement and increasing its 
suitability for the manufacture of wood-wool cement boards (Whistler and 
Bemiller 1958; Fisher et al.  1974). 
 
2.4.1 Compatibility measurements 
Sandermann and Kholer (1964) studied 99 wood species and determined 
their compatibility determined with cement by their maximum hydration 
temperature.  They classified them as suitable (60 °), intermediately suitable 
(50 °- 60 °) and unsuitable (below 50 °C).  The temperature of hydration in 
wood-cement mixture had been used as an indicator for wood cement 
compatibility (Biblis and Lo 1968; Hofstrand et al. 1984; Jain et al.1989 and 
Hachmi et al. 1990). 
Inhibitory index (I) has been proposed by Weatherwax and Tarkow (1964) 
using hydration time: 
( ) 100
'
'
2
22 ×−=
T
TTI  
where: 
T2: time to reach maximum hydration temperature of wood-cement 
aggregate. 
T'2:  time to reach maximum hydration temperature of the cement 
 
2.4.2 Mechanism of cement setting 
The mechanism of inhibition of cement hydration and crystallization by 
wood component is not completely understood.  When wood and water are 
added to cement, hydration reactions occur and heat is evolved.  During the 
initial stages of hydration, di- and tri-calcium silicates are converted to 
tobermorite gel (Ca3Si2O7.3H2O) and calcium hydroxide (Ca (OH) 2).  The 
addition of wood in an Ordinary Portland Cement most of the time induces 
chemical compatibility problems (Hachmi and Campbell 1988). The 
complex chemical and physical interactions affect the bonding between 
wood and cement.  Hydration of cement is due to intergrowth of interlocked 
crystal to form potentially inhibitory metal acetate compounds.  Non polar 
extractive such as the trepans, resins and fats may also migrate to the wood 
surface during drying.  The acetyl groups present in the hemicelluloses are 
probably cleaved by the alkali (Browning 1967; Goldstein 1984). This 
hydrophobic surface layer may reduce hydrogen bonding between wood and 
cement and thus weaken interfacial bond strength (Moslemi 1974).  
   
2.4.3 Inhibition mechanism 
The bonding between cement and wood is inhibited by carbohydrates and 
extractives which dissolve and bond with cement.  The properties of the 
wood it self are altered by the chemical reactions resulting from exposure to 
the cement (Hachmi and Campbell 1989).  Decay on wood and 
carbohydrates have bad effects on cement setting (Weatherwax and Tarkow 
1964).   
There are many kinds of species which had a high amount of extractives and 
classified as incompatible with cement.  Simple sugars may migrate to the 
wood surface during drying.  Since these sugars contain hydroxyl and 
carboxylic acid functional groups, they may complex with calcium, 
aluminum and iron cations in the cement thus retarding cement setting 
(Young 1970). Perhaps they disrupted the crystallization reactions 
(Mariampol et al. 1974).  These inhibitory reactions may take place at the 
wood-cement interface or in the surrounding cement matrix and weaken 
mechanical and chemical bonds between wood and cement.  Initial cement 
hydration produces calcium hydroxide which results in an alkaline cement 
paste (PH 12.5) since hemicelluloses are non crystalline and alkaline, they 
may dissolve in the cement paste and affect cement crystallization.  For 
example, hemicelluloses could complex with metal iron in the cement 
through hydroxyl on mannose and glucose or through glucuronic acid group.  
These reactions could decrease the crystallinity, strength and/or hydration 
rate of cement.  In addition, the hemicelluloses may undergo peeling reaction 
(Whistler and Bemiller 1958) in alkaline cement to form inhibitory sugar 
acids (Fischer et al. 1974).  Latter increases the PH of the wood-cement 
mixture to approximately 12.5, which facilitates dissolution of wood 
constituents, particularly low molecular-weight carbohydrates and 
heartwood extractives. These compounds can interfere with cement 
hydration and setting, resulting in wood-cement composites of inferior 
strength (Sandermann and Kohler 1964).  Such deleterious interactions 
between wood and cement can be more pronounced with certain wood 
species, for example western larch (Larix occidentalis), because they possess 
greater quantities of cement-inhibiting compounds that are easily leached 
from the wood in the alkaline environment of cement (Zhengtian and 
Moslemi 1985).  Alternatively, certain species, for example Acacia mangium 
contains soluble compounds which are present in wood in small quantities, 
but have strong inhibitory effects (Tachi et al. 1989).  Since xylems are high 
in acetyl content and are the predominant hemicelluloses in hardwoods, this 
alkaline hydrolysis may be a major reason why many hardwoods are in 
compatible with cement.  The hemicelluloses may undergo peeling reactions 
in the alkaline cement to form inhibitory sugar acids (Whistler and Bemiller 
1958; Fisher et al. 1974).  Early research on wood-cement mixture has 
revealed that decay wood, heart wood and bark could contribute to the 
longer setting time or complete setting failure of cement (Weatherwax and 
Tarkow 1964, 1967).  Phonetic compounds such as tannins also have a 
capacity to complex with metal irons in cement and potentially inhibit 
normal hydration reactions (Bush and Bakhimbaev 1973).  Milestone (1977) 
explains why species containing tannin inhibit cement setting.  Tannins 
(phenolic compounds) inhibit hydration reaction by their capacity to 
complex with iron in cement.  He reported that hydrolysable tannins (sugars 
acid, Gallic acid and elagic acid) inhibited cement setting and decrease 
cement strength.  Indeed, wood extractives and their components attacked by 
the alkaline environment diffuse in the cement paste and act more or less as 
effective retarders.  These products, particularly sugars and their derivatives 
react with tricalcium aluminates (Milestone 1977). 
 
2.5 Description of the Tree Species  
Botanical Name: Ailanthus excelsa Roxb 
English Name: Coramandel ailanto 
Family: Simarobaceae 
Ailanthus excelsa is the tree species from which wood particles were 
produced. 
General description: 
Generally, the tree has white grey smooth bark and an average height of 
about 20 meter.  Its leaves are up to 1 cm long.  Leaflets 8-14 pairs.  The tree 
had yellow samaras and flowering from January to March; fruits in March.  
Ailanthus introduced from the Indian peninsula (Hamza 1990). 
Rainfall:  more than 600ml 
Soil: It was planted in many semi-arid moist region of central Sudan on river 
alluvium and sandy loams. 
Uses:  
Ailanthus had been used for wood fuel, pesticide, fencing and charcoal 
(Hamza 1990;  Abdein 1991; National Academy of Science 1983).   
CHAPTER III 
MATERIALS AND METHODS 
 
Three experiments were conducted to study the effect of treatment (addition 
of calcium chloride and water extraction), cement/wood ratio, curing time 
and partial replacement of cement by lime on some properties of Ailanthus 
excelsa wood-cement aggregates. 
 
3.1 Materials 
Woody materials were obtained from four Ailanthus excelsa trees. The 
samples were randomly selected from El Diling forest in Southern Kordfan 
State.  The trees height ranged between 15 and 20 m and the diameters at 
breast height ranged between 38 and 45 cm.  The trees were felled and the 
stems were cross-cut into logs of about two meters in length.  
Wood particles were prepared using hammer-mill, the portion used 
(YOSHIDA SEISAKUSHO TEL).  A sieve (Apparatebau JEL.Engels 
MannAGLudwig shfen/Rhein) was used and only the particles passes mesh 
4-mm and remained on mesh 0.9-mm.  The particles were air dried then they 
were put in an oven for 24 hours(Wtc binder 7200TUTTLINGEN/Germany) 
until it reached stable moisture content with the surrounding environment.  
Wood particles were put in adiscater containing silica gel, then they were 
weighted using  balance (Satorius 11216 MP)  and return again to the oven 
for six  hours.  All particles have moisture content of 8%.  Moisture content 
was calculated by the equation: 
100% ×=
ODW
GWMC  
Where: 
MC:  Moisture content 
GW:  Green weight 
ODW:  Oven dry weight 
 
3.1.1 Cement 
The cement used was Ordinary Portland Cement (OPC).  Produced by 
Atbara Company Limited.  It contains many chemical elements such as 
silicon, iron, aluminum and calcium.  OPC has been used in manufacturing 
wood-cement product because of its faster setting time, higher bending 
strength and excellent water resistant tested after curing for 28 days in water 
(Mallari et al 1994). 
 
3.1.2 Lime 
Lime locally known as geer, is used in building as a cementing material.  Its 
obtained from naturally occured calcium carbonate (CaCo3).  There are three 
groups of lime used in buildings.  The first is non-hydraulic lime (95% 
calcium content).  The second is asemi-hydraulic (15-30% calcium content).  
The third one is hydraulic lime (Mitchell 1947). 
 
3.2 Methodology 
3.2.1 Experiment One: Effect of cement/wood ratio and wood 
pretreatment  
The first experiment was designed to investigate the effect of cement/wood 
ratio and wood treatment (control (untreated wood), the addition of calcium 
chloride (3%) as a chemical additive and water extraction for 7 days on some 
physical and mechanical properties of Ailanthus wood-cement aggregate.  
Five levels of cement/wood ratio had been studied in this experiment 1:1, 
2:1, 3:1, 4:1 and 5:1.  The water extraction had been used to decrease the 
amount of sugar and water-soluble extractives in the wood which are 
inhibiting factors in wood.  Calcium chloride was used because it's expected 
to improve the strength of the mixture.  Calculations were done to determine 
the amount of materials needed to fill the mold.  From a pilot study the 
amount of water added was calculated and found to be 0.23 ml for each gram 
of binder (s) and 1.4 ml for each gram of wood (oven dry basis).  Using 
metallic mold with dimension of 7×7×7cm (length×width× thickness), 
specimens were produced.  Four specimens were prepared for each 
combination of cement wood ratio and pretreatments.  In total, 60 specimens 
were prepared the first experiment.  After 24 hours, the specimens were 
removed from the molds and soaked in water for 28 days.  Then specimens 
were air-dried for 7 days and were tested for density and water absorption.  
Finally, the specimens were air dried and tested for compressive strength 
using Universal-Testing Machine. 
 
3.2.2 Experiment Two: Effect of cement/wood ratio and partial 
replacement of cement by lime  
This experiment was conducted of Ailanthus wood-cement aggregate on the 
properties to investigate the effect of cement/wood ratio and partial 
replacement of cement by lime.  Three cement/wood ratios were used 
namely 3:1, 4:1 and 5:1.  Lime (calcium hydroxide) was used to replace 
cement by 10, 20, 30 and 40 percent of cement weight.  Lime is more 
cheaply compared to cement and is used as a cementing material.  Four 
replicates for any combination of ratio and lime replacement.  In total 48 
specimens were prepared in this experiment.  Water was added to the 
extracted wood then binders were added and the materials were hand mixed 
for approximately 2 minutes.  Using the same metallic mold used in the first 
experiment.  The testing specimens were produced and polyethylene sheets 
were used to cover the molds so as to decrease water loses by evaporation.  
The mixture was kept in the molds for 24 hours after which the molds were 
removed and the specimens were kept in water after 28 days for cement 
setting and curing.  The specimens were tested in the same way done in the 
first experiment.   
 
 3.2.3 Experiment Three: Effect of cement/wood ratio and curing time  
The third experiment was designed to investigate the effect of curing time on 
the properties of Ailanthus excelsa wood-cement aggregate.  Three levels of 
cement/wood ratios were used in this experiment namely 3:1, 4:1 and 5:1.  
The aggregate was kept in the mold for 24 hours.  Polyethylene sheets were 
used to cover the aggregate in the mold to decrease water loses by 
evaporation.  Then the molds were removed and the specimens were cured 
for 7, 14, 21 and 28 days, respectively, for each ratio.  Four replicates for any 
combination of curing time and cement/wood ratio were prepared, giving a 
total of 48 specimens.  Density, water absorption percentage and 
compressive strength were assessed by the same procedure described in the 
first experiment. 
  
3.2.4 Property Testing 
Tests were carried out according to the British Standard: BS/1105(1972) and 
BS/6073(1981). 
   
3.2.5 Calculation of density (gm/cm3): 
Two densities for each specimen (7× 7× 7cm) were calculated namely: 
Basic density= GV
ODW
 
Green density= GV
GW
 
 
3.2.6 Water absorption (%): 
Water absorption test was done for 2 and 24 hours. 
2-hours water absorption= 1002 ×−
ODW
ODWHW  
24-hours water absorption= 10024 ×−
ODW
ODWHW  
 
3.2.7 Compressive strength testing (N/mm2) 
The specimens were tested for compressive strength using Universal Testing 
Machine and calculated by the equation:   
Compressive strength=
A
LOAD max  
Where:                           
GV:  green volume. 
W2H:  2 hours soaking 
GW:   green weight 
W24H:  24 hours soaking 
ODW:  oven dry weight 
Load max:   maximum load of the universal testing machine at a rate of 20 
ton per minute. 
A:  cross sectional area of the cube samples. 
 
3.2.8 Statistical analysis 
The data was entered is spreadsheet and analyzed for analysis of variance 
using SAS program. Mean separation was performed using Duncan's 
multiple range tests.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER IV 
RESULT AND DISCUSSION 
 
Three experiments were conducted to study the effect of cement/wood ratio, 
wood pretreatment, partial replacement of cement by lime and curing time 
on some properties of Ailanthus wood-cement aggregate.  The result of the 
three experiments will be presented and discussed separately in the following 
section. 
 
4.1 Effect of Cement /Wood Ratio and Wood Pretreatment 
 
4.1.1 Density of the aggregate 
Results of the analysis of variance for basic and green density are given in 
Appendix Table 1.  The effect of cement/wood ratio was highly significant 
(p=0.0001), but the effect of treatment and the interaction term weren’t 
significant for the two densities.  Results of the mean separation test for 
cement /wood ratios and wood treatments are presented in Tables 1 and 2, 
respectively.  The coefficient of determination was 91 and 96% for basic and 
green density, respectively, which mean that 91 and 96% of the variation in 
basic and green density could be explained by the two main factors and their 
interaction.  The coefficient of variation was 11.9% and 7.6% for the basic 
and green density, respectively. 
As it is evident from Table 1, For both densities there were significant 
differences between lower cement/wood ratio group(1:1, 2:1 and 3:1) and 
higher cement/wood ratio group (4:1 and 5:1).  Also the results show that 
within each ratio group there were no significant differences.  Increasing 
cement/wood ratio lead to a significant increase in the basic density, this 
ranged from 0.69 gm/cm3 for ratio 1:1 to 1.37gm/cm3 for ratio 5:1.  The 
differences between the basic and green density values were greater at the 
higher cement/wood ratios than at the lower ones.   In all cement/wood 
ratios, basic density values were lower than green density values, which 
ranged from 0.85 gm/cm3 for ratio 1:1 to 1.71gm/cm3 for ratio 5:1.  These 
results agree with previous research work such as the findings of Lee and 
Hong (1987); Oyagade (1990) and Abdelgadir and Ibrahim (2003) who 
concluded that the increase in density was due to the increase in 
cement/wood ratio.  This is because the block which contains more cement is 
denser than the block that contains more wood particles. 
 
Table 1. Effect of cement/wood ratio on density (gm/cm3) of Ailanthus 
wood-cement aggregate 
Ratios Basic density Green density 
1:1 0.69 b 0.85 b 
2:1 0.72 b 0.85  b 
3:1 0.87 b 0. 96 b 
4:1 1.28 a 1.67  a 
5:1 1.37 a 1.71  a 
In the same column, means with the same letter are not significantly 
different (p≤0.05). 
 
Table 2. Effect of wood treatment on the density of Ailanthus wood-
cement aggregate 
Pretreatments Basic density Green density 
Untreated wood 0.91 a 1.20 a 
Addition of calcium 
chloride (3%) 
0.96 a 1.19 a 
Water extraction 
(7days) 
0.97 a 1.14 a 
In the same column, means with the same letter are not significantly 
different (p≤0.05). 
 
 
 
 
4.1.2 Water absorption after 2 and 24 hours 
Results of the analysis of variance are given in Appendix Table 2.  The result 
showed that only cement/wood ratio had significantly effected water 
absorption after 2 and 24 hours (p=0.0001), but there was no significant 
difference among wood treatments for water absorption.  The coefficient of 
determination was 77.8% and 75.4% for the 2 and 24 hours water 
absorption, respectively, while the coefficient of variation was 34.3% and 
33.4%.     
Results of the mean separation test for the five levels of cement/wood ratio 
and three treatments are presented in Tables 3 and 4, respectively.  There 
were no significant differences between ratio 1:1 and 2:1, but there were 
significant difference between them and ratios 3:1, 4:1 and 5:1.  Ratio 4:1 
was not significantly different from ratio 5:1.  When the samples were 
immersed in water for 24 hours, ratio 3:1 was not significantly different from 
ratios 1:1 and 2:1.  The results showed that average water absorption was 
12.2-69.4% when specimens were immersed for 2 hours and 15.6-76.9% 
when specimens were immersed for 24 hours.  
These values are greater than those (5-20%) which occur in organic-binder 
particleboard (Moslemi 1974 b).  The current results are not in line with the 
findings of Abdalla (1998) who concluded that the water absorption of Sunt-
wood cement mixture was 2-12% for 2 hour soaking and 2-14% for 24 hour 
soaking.  Increasing cement/wood ratio leads to decrease in water 
absorption.  These results agree with the findings of Tuico (1994) who found 
that boards with higher cement/coconut coir dust ratio gave comparatively 
lower percent water absorption.  Also, Abdalla (1998) who found that the 
greatest reduction in water absorption was obtained at higher cement/wood 
ratios.  Andrew et al. (2000) reported that boards with cement/wood ratio of 
60:40 absorbed less water than boards with 50:50 cement/wood ratios.  
The addition of calcium chloride didn’t affect water absorption.  This agrees 
with the findings of Hassan (1999) who worked on Acacia nilotica species 
and considered that water absorption is not affected by increasing the CaCl2 
content.  
  
Table 3. Effect of cement/wood ratio on the 2 and 24 hours water 
absorption percentage of Ailanthus wood-cement aggregate 
Ratios Water absorption  2h Water absorption  24h 
1:1 69.38 a 76.99 a 
2:1 61.37 a 71.88 a 
3:1 53.54 b 70.59 a 
4:1 14.88 c 19.45 b 
5:1 12.19 c 15.60 b 
In the same column, means with the same letter are not significantly 
different at P≤ 0.05. 
 
Table 4. Effect of wood pretreatments on the 2 and 24 hours water 
absorption percentage of Ailanthus wood-cement aggregate 
Treatments Water absorption  2h Water absorption  24h 
Un treated wood 46.65 a 57.27 a 
Addition of 
calcium chloride 
(3%) 
42.23 a 51.02 a 
Water extraction 
(7days) 
40.32 a 48.64 a 
In the same column, means with the same letter are not significantly (P≤ 
0.05) different. 
 
 
 
 
4.1.3 Compressive Strength 
Results of the analysis of variance for compressive strength are given in 
Appendix Table 3.  The results showed that the effect of cement/wood ratio, 
treatment and their interaction on compressive strength were highly 
significant (p=0.0001).  Theses factors explained 98.2% of the total variation 
in compressive strength (R2 = 0.982).  The coefficient of variation was 
13.7%.  The results of the means separation test are given in Table 5.  In 
ratios 1:1, 2:1 and 3:1 the compressive strength values didn’t meet the 
requirements (7 N/mm2) of the British standard specification (BS/6073, 
1983). 
For the untreated wood (control), there were no significant differences in 
compressive strength between ratios 1:1, 2:1 and 3:1, and their values were 
significantly lower than those of ratios 4:1 and 5:1; ratio 5:1 had 
significantly the highest values.  Similar results were obtained when the 
wood was treated with calcium chloride.  In the third treatment (water 
extraction), there were no significant differences between ratios 1:1 and 2:1, 
but they were significantly different from the other ratios, which were 
significantly different from each other. 
There was an increase in compressive strength values with increasing 
cement/wood ratio.  For example, the compressive strength of Ailanthus 
excelsa wood-cement aggregate was increased from 0.74 N/mm2 at ratio 1:1 
to 12.2 N/mm2 at ratio 5:1.  These results agree with the results reported by 
Presteman (1976) who indicated that wood-cement composite board made 
from wood silver sawdust and cement had a higher mechanical strength 
when the cement/wood ratio was increased from 3/4 to 3/2.  Also, a study on 
hardwood-cement particle composites by Blankenhor (1994) revealed that as 
the amount of hardwood pulp increased in wood cement particle composite 
the compressive strength decreased.  
Also, Lee et al (1987) using low-density cement, indicated that compressive 
strengths of wood-cement mixtures were significantly reduced as 
cement/wood ratios were decreased. This can be attributed to the reduced 
density of the wood-cement mixture.   
Previous work using home-growing wood species such as Acacia nilotica 
(sunt), A. seyal (talh), Balanites aegyptiaca (hegleig), Eucalyptus 
camaldulensis, E.microtheca (kafur), and Oxytenanthera abyssinica (gana), 
also showed similar results (Alhedy 1999; Hassan 1999; Abdelgadir and 
Ibrahim 2003; Abdelgadir and Abdalla 2005 and Ahmed 2005).  However, 
the amount of increase in strength properties with increasing ratio varied 
with wood species and/or treatments.  This can be attributed to the fact that 
the amount of the binding material (cement) was large enough to surround 
the wood particles and to fill in gabs between them, thus enhancing the 
process of mechanical interlocking of cement crystals and finally resulting in 
products with high compressive strength. 
No significant differences were found in compressive strength between 
treatments at ratios 1:1 and 2:1.  The extracted wood was significantly 
different from the other treatments at ratio 3:1, but at ratio 4:1 and 5:1 all of 
the pretreatments were significantly different from each others.  These 
results indicate that differences between pretreatments are clearer at higher 
cement/wood ratios than at lower ones.   
The addition of calcium chloride leads to significant increases in 
compressive strength in comparison to the untreated wood at higher levels of 
cement/wood ratios (4:1 and 5:1).   These results are in agreement with the 
findings of Davis (1966); Biblis and Lo (1968); Klar (1972); Kayahara et al. 
(1979); Shukla et al. (1984); Lee and Short 1989; Soriano et al. (1998); 
Abdalla (1998) and Abdelgadir and Ibrahim (2003), who used calcium 
chloride as an accelerator of cement setting and reported that CaCl2 has been 
successfully used to improve the strength properties of wood-cement 
products.  Also, Lee and Hong (1986) noted that the increase in maximum 
hydration temperature and compressive strength and reduced hydration time 
of wood-cement from six species can be attributed to the neutralizing of 
sugars in wood and/or enhancing of cement crystallization and interlocking 
growth by the addition of calcium chloride.  
In comparison with other treatments, the extracted wood had the highest 
compressive strength.  At ratio 5:1, the compressive strength values 
increased from 5.42 N/mm2 for the untreated wood samples to 12.18 N/mm2 
for the water extracted samples.  These results agree with the findings of 
Anonymous (1959) who noted that soaking wood in cold water dissolves 
tannins, gums, sugars and coloring matter, while soaking wood in hot water 
dissolves tannins, gums, sugars, coloring matter and starches in wood.  And 
the findings of Moslemi and Lim (1984) who concluded that hot and cold 
water extraction, actually improved the compatibility of twelve hard-wood 
species with cement because they dissolved the tannins and sugars in wood, 
which inhibit cement hydration so that they increased the compressive 
strength values.  Gnannaharan and Dhamodaran (1985) concluded that cold 
water extraction removes the inhibitory extractives from 13 tropical species.  
Also, Abdelgadir and Ibrahim (2003) studied five Sudanese hardwood 
species and found that treating wood with cold water improved the 
compatibility of wood with cement for all of the studied species, except 
Eucalyptus microtheca.    
 
 
 
 
 
 
 
 
 
Table 5. Effect of cement/wood ratio and wood pretreatments on the 
compressive strength (N/mm2) of Ailanthus wood-cement aggregate 
Wood Pretreatments 
Ratios 
Untreated wood
Addition of calcium 
chloride (3%) 
Water extraction 
(7 days) 
1:1 c  0.74  A 
c  0.92 A 
d  1.23 A 
2:1 c  0.92 A 
c  1.15A 
d  1.65 A 
3:1 c  1.38 B 
c  1.47B c  7.58 A 
4:1 b  4.72 C 
b  7.78 B 
b 10.17A 
5:1 a   5.42 C 
a  9.47 B 
a 12.18 A 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).   In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05) 
 
 
4.2 Effect of Cement/Wood Ratio and the Replacement of Lime for 
Cement on the Properties of Ailanthus excelsa Wood-Cement Aggregate 
 
4.2.1 Density of the aggregate 
Results of the analysis of variance are given in Appendix Table 4.  The 
results show that the effects of cement/wood ratio (p=0.0001), lime 
(p=0.0001) and their interaction (p=0.002) were highly significant regarding 
the basic density of Ailanthus excelsa wood-cement aggregate.  Similar 
results were obtained for green density; the effect of cement/wood ratio, lime 
and their interaction were significant at p=0.0001, 0.0001 and 0.01, 
respectively.  The coefficient of determination was 99.5% and 98.7% for 
basic and green density, respectively, while the coefficient of variation was 
0.7% and 0.5% for basic and green density, respectively.  The results of 
Duncan Multiple Range test means are given in a two-way table because of 
the significance interaction term.   
Mean values of basic and green density for the three levels of cement/wood 
ratio and four levels of lime replacements are presented in Tables 11 and 12, 
respectively.   
For both densities the three levels of cement/wood ratios were significantly 
different from each other regardless of the amount of lime replaced for 
cement.  The basic density values increased with increasing cement/wood 
ratio from 1.14 gm/cm3 at ratio 3:1 to 1.43 gm/cm3 at ratio 5:1 like wise the 
green density increased from 1.71 gm/cm3 at ratio 3:1 to 1.87 gm/cm3 at ratio 
5:1. 
At ratio 3:1, no significant differences were found between lime 
replacements 10% and 20% for basic density, but significant differences 
were found between them and the other lime percentages.  At ratio 4:1, there 
were significant differences between 10% lime and 20% lime, but not 
between 30% and 40% lime.  At ratio 5:1, all lime percentages were 
significantly different from each other.  For green density, there were 
significant differences among the four lime percentages at all cement/wood 
ratios.  At all cement/wood ratios, basic and green density decreased with 
lime percentages increases.  At ratio 5:1, increasing lime percentage in the 
aggregate from 10% to 40% resulted in reduction of basic density from 1.43 
gm/cm3 to 1.36 gm/cm3 and the green density from 1.87 gm/cm3 to 1.78 
gm/cm3.   In general, increasing lime replacement lead to decrease in density.  
These results are in agreement with the findings of Hassan (1999) who 
concluded that increasing in lime replacement to more than 10% lead to 
decrease in the density of Acacia nilotica wood-cement mixture. 
 
 
 
 
 
Table 6. Effect of cement/wood ratio and replacement of lime for cement 
on the basic density (gm/cm3) of Ailanthus wood-cement aggregate 
Lime 
Ratio 
10% 20% 30% 40% 
3:1 c 1.14 A 
c 1.13 A 
c 1.09 B c 1.08 B 
4:1 b 1.31 A 
b 1.26 B b 1.23 C b 1.22 C 
5:1 a 1.44 A 
a 1.42 B 
a 1.40 C a 1.36 D 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).   In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05) 
 
Table 7. Effect of cement/wood ratio and replacement of lime for cement 
on the green density (gm/cm3) of Ailanthus wood-cement aggregate  
Lime 
Ratio 
10% 20% 30% 40% 
3:1 c 1.71 A 
c 1.69 B c 1.68 C c 1.63 D 
4:1 b  1.73 A 
b  1.71 B 
b 1.70 C 
b 1.66 D 
5:1 a 1.87 A 
a 1.85 B 
a 1.82 C 
a 1.79 D 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).   In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05). 
 
 
4.2.2 Water absorption after 2 and 24 hours 
Results of the analysis of variance are given in Appendix Table 5.  The 
results showed that at 2-h soaking the effect of cement/wood ratio 
(p=0.0001), lime (p=0.002) and their interaction (p=0.0001) were highly 
significant.  At 24 hours only the effect of cement/wood ratio and lime 
(p=0.0001) were significant.  The coefficient of determination was 83% and 
99.1%, the coefficient of variation was 24.6% and 4.4% for 2 and 24 hour 
soaking, respectively.  Results of the mean separation test are presented in 
Tables 8 and 9, for the 2 and 24 hours water absorption, respectively.     
There were significant differences among the three cement/wood ratios for 
water absorption after 2 and 24 hours at each lime replacement percentage.  
At ratio 3:1, 10% replacement of lime had significantly lower water 
absorption after 2-h soaking than the other lime percentages, which were not 
significantly different from each other.  At ratios 4:1 and 5:1, all lime 
replacements were significantly different from each other.  When the 
samples were soaked in water for 24 hours there were significant differences 
among all lime percentages at all lead cement/wood ratios.   
Increasing cement/wood ratio from 3:1 to 5:1 leads to decrease in water 
absorption.  The amount of decrease in 2-hours water absorption increased 
with increasing levels of lime replacements; it was 9.2% at 10% lime 
replacement and 26.8% at 40% lime replacement.  Similar results were 
obtained for 24-hours water soaking.  However, the amount of decrease in 
water absorption after 24-hours was greater than that after 2-hours 
absorption and less variable among lime replacements (it varied between 
30.2 to 33.0%).  Increasing lime replacement from 10% to 40% lead to an 
increased in water absorption values.  This may be due to the binder-water 
relationship in the mineral bonded-wood mixture.  These results agree with 
the findings of Hassan (1999) who concluded that increasing lime 
replacement from 10% to 40% lead to an increase in water absorption of 
Acacia nilotica wood-cement mixture.   
 
Table 8.  Effect of cement/wood ratio and partial replacement of cement 
by lime on the 2 hour percentage water absorption% of Ailanthus wood-
cement aggregate  
Lime 
Ratio 
10% 20% 30% 40% 
3:1 a  16.53   B 
a  33.75 A 
a  38.89 A 
a  45.84 A 
4:1 b  12.17 D 
b  30.02  C 
b  36.14 B 
b 39.93 A 
5:1 c  7.36 D 
c  10.12 C 
c  13.64 B 
c 19.01 A 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).   In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05) 
 
Table 9.  Effect of cement/wood ratio and partial replacement of cement 
by lime on the 24 hour water absorption percentage of Ailanthus wood-
cement aggregate 
Lime 
Ratio 
10% 20% 30% 40% 
3:1 a 41.14  D 
a  46.59 C 
a  52.99 B a  57.43 A 
4:1 b 26.14 D 
b  33.45  C 
b  39.80 B 
b 42.39 A 
5:1 c 11.23 D 
c  15.79 C 
c  20.20 B 
c 24.42 A 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).   In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05). 
 
4.2.3 Compressive strength 
Results of the analysis of variance are given in Appendix Table 6.  The 
results show that the effect of cement/wood ratio, lime replacement 
percentage and their interaction were highly significant (p=0.0001) on the 
compressive strength of Ailanthus excelsa wood-cement aggregate.  The 
coefficient of determination indicated that 99% of the variation in 
compressive strength was explained by the studied factors.  The coefficient 
of variation was 3%.  Results of the means separation test (Duncan's 
Multiple Range Test) are presented in Table 10.   
For the lime replacements 10, 20 and 30%, significant differences were 
found among the three levels of cement/wood ratio.  At 40% lime 
replacement, ratio 3:1 was significantly different from the other two ratios, 
which weren't significantly different from each other.   
Increasing cement/wood ratio leads to an increase in the compressive 
strength.  For the 10% lime replacement, the value of compressive strength 
increased from 11.9 to 16.9 N/mm2 when the cement/wood ratio increased 
from 3:1 to 5:1, while at 40% replacement the increase was from 5.4 to 7.4 
N/mm2. 
There were significant differences among the four lime replacements at each 
cement/wood ratio.  When lime replacements were increased from 10% to 
40% the compressive strength was reduced from 11.1 to 5.4 N/mm2, 12.4 to 
7.2 N/mm2 and 13.74 to 9.48 N/mm2 at the ratios 3:1, 4:1 and 5:1, 
respectively.   
At ratio 3:1, increasing lime replacements in the aggregate to more than 30% 
decreased the compressive strength values to less than the requirements 
(7N/mm2) of the British standard specification (BS/6073, 1983).  Generally 
increasing the lime replacements in the aggregate to more than 30% lead to 
decrease in compressive strength values.  These results were in agreement 
with the findings of Miller et al (1989) who reported that replacing more 
than 30% lime, resulted in significant decrease in compressive strength.  
Similar results were obtained by Miller et al (1989); when replacing cement 
with fly ash (0, 10, 20, 30, 40, 50 and 60%) who concluded that wood-
cement composite strength values gradually reduced, especially when the fly 
ash concentration in cement was increased past 30%.  Also, Hassan (1999) 
concluded that increasing lime replacement from 10% to 40% lead to 
significant decrease in compressive strength values.  This may be because of 
the minimizing of cementious materials in the mineral bonded-wood 
mixture.      
 
Table 10.  Effect of cement/wood ratio and partial replacement of 
cement by lime on the compressive strength (N/mm2) of Ailanthus wood-
cement aggregate 
Lime 
Ratio 
10% 20% 30% 40% 
3:1 c  11.10  A 
c   9.59 B 
c 7.57 C 
b 5.40 D 
4:1 b  12.36 A 
b 10.75  B 
b 9.59 C a 7.18 D 
5:1 a 16.85 A 
a  14.63 B 
a 12.44 C 
a 7.41 D 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).   At the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05). 
 
4.3 Effect of Cement/Wood Ratio and Curing Times on the Properties of 
Ailanthus excelsa Wood-Cement Aggregate on: 
 
4.3.1 Density of the aggregate 
 
Results of the analysis of variance are given in Appendix Table 7.  The 
results showed that the effect of curing time (p=0.0001) and the interaction 
between cement/wood ratio and curing time (p=0.05) were significant, while 
the effect of cement/wood ratio was not significant for basic density of 
Ailanthus excelsa wood-cement aggregate.  For green density, the effect of 
cement/wood ratio, curing time and their interaction were all significant at 
p=0.0002, 0.0001 and 0.02, respectively.  The coefficient of determination 
for the basic density was higher (97.7%) than for green density (68.6%).   
The coefficient of variation was 1.9% and 1.1% for basic and green density, 
respectively.  The results of the means separation test are given in Tables 11 
and 12. 
At curing times 7 and 14 days, there were significant differences in green 
density among the three levels of cement/wood ratio.  At curing times of 21 
and 28 days, ratio 3:1 was significantly different from the two other ratios.  
Increasing cement/wood ratio from 3:1 to 5:1 lead to an increase of 12%, 
10%, 11% and 8% in green density at curing times 7, 14, 21 and 28 days, 
respectively. 
For both basic and green density there were significant differences at ratios 
3:1 and 4:1 between curing times 7and 14 days.  Also, there were significant 
differences between them and the other curing times, which were not 
significantly different from each other.  Similar results were obtained for 
basic density at ratio 5:1, while for green density; there were no significant 
differences between curing times 7 and 14 days.  
Increasing curing times from 7 to 28 days lead to an increase in basic density 
values from 1.15 to 1.51gm/cm3, 1.15 to 1.55gm/cm3 and 1.15 to 1.56 
gm/cm3 at ratios 3:1, 4:1 and 5:1, respectively.  This indicates that the 
amount of increase at the higher cement/wood ratios was greater than at the 
lower ratio (35.7% and 31%, respectively).  Green density values showed 
also an increase with increasing cement/wood ratio; however, the amount of 
increase was lower compared to that of basic density and it averaged about 
4.7%, 4.5% and 2.2% for ratios 3:1, 4:1 and 5:1, respectively.  
 
 
Table 11. Effect of cement/wood ratio and curing times on the basic 
density (gm/cm3) of Ailanthus Wood-cement aggregate 
Curing Time (days) 
Ratio 
7  14  21  28  
3:1 a 1.15 C 
a 1.45 B 
a 1.50 A 
a 1.51 A 
4:1 a 1.15 C 
a 1.46 B 
a 1.53 A 
a 1.55 A 
5:1 a 1.15 C a 1.47 B a 1.53 A a 1.56 A 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).  In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05). 
 
Table 12. Effect of cement/wood ratio and curing times on the green 
density (gm/cm3) of Ailanthus Wood-cement aggregate 
Curing Time (days) 
Ratio 
7  14  21  28  
3:1 c 1.72 C c 1.74 B b 1.78 A b 1.80 A 
4:1 b 1.79 C 
b 1.82 B 
a 1.86 A a 1.87 A 
5:1 a 1.84 B 
a 1.84 B 
a 1.87 A 
a 1.88 A 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).  In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05). 
 
4.3.2 Water absorption after 2 and 24 hours 
Results of the analysis of variance are given in Appendix Table 8.  The 
results showed that the effect of curing time (p=0.0001) and the interaction 
between the cement/wood ratio and curing time were significant for the 2 
hours (p=0.004) and 24 hours (p=0.03) water absorption.  The coefficient of 
determination was 79.2 % and 86.9% for 2 and 24 hours water absorption, 
respectively.  The coefficient of variation was 30.5% for 2 hours and 19.4% 
for 24 hours water absorption.  The results of the means separation test are 
given in Tables 13 and 14.   
For all curing times there were significant differences among the three levels 
of cement/wood ratios after soaking in water for 2-hours.  After soaking in 
water for 24 hours, there were significant differences between all 
cement/wood ratios at curing time of 7 days.  At curing times of 14 and 21 
days, ratio 3:1 wasn't significantly different from ratio 4:1, but ratio 5:1 was 
significantly different from them.  At curing time of 28 days, there were no 
significant differences between ratios 4:1 and 5:1, but ratio 3:1 significantly 
had higher values of water absorption than them. 
Increasing cement/wood ratio from 3:1 to 5:1 leads to a decrease in water 
absorption values.  The amount of decrease after immersing in water for 2-
hours was 7%, 6%, 0.7% and 0.4% for curing times 7, 14, 21 and 28, 
respectively.  Similar results were obtained for 24-hours water absorption, 
the amount of decrease, was about 8.2%, 3.1%, 1.7% and 0.7%, respectively 
for the same curing times. 
At ratio 3:1, 4:1 and 5:1 there were no significant differences in water 
absorption after immersing the samples for 2-hours between curing times of 
7 and 14 days, but there were no significant differences in water absorption 
between curing times of 7 and 14 days, and between curing times 21 and 28 
days.  When the samples were soaked for 24 hours, there were significant 
differences among all curing times at each cement/wood ratio level. 
Water absorption values of the aggregates cured for 7 and 14 days were 
significantly higher than for those cured for more than 21 days. When 
immersing the samples in water for 2 hours, increasing curing time from 7 to 
28 days led to a decrease of 12.4%, 11.6% and 10.9% and in water 
absorption values at cement/wood ratios 3:1, 4:1 and 5:1, respectively.  For 
24-hours immersion the absorption values were, respectively, 19.7%, 17.5% 
and 16.2%. 
 
Table 13. Effect of cement/wood ratio and curing time on the 2 hour 
water absorption percentage of Ailanthus wood-cement aggregate 
Curing time (days) 
Ratio 
7  14  21  28  
3:1 a 19.02 A 
a 18.49 A 
a 6.94 B 
a 6.61 B 
4:1 b 16.54 A 
b 15.06 A 
a b 6.72 B 
b 6.06 B 
5:1 c  12.07 A 
c  12.54 A 
b  6.22 B 
c 6.18 B 
In the same raw, means with the same upper case letter(s) are not 
significantly different (p ≤ 0.05).   In the same column, means with the same 
lower case letter are not significantly different (p ≤ 0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 14. Effect of cement/wood ratio and curing times on the 24 hour 
water absorption percentage of Ailanthus wood-cement aggregate 
Curing Time (days) 
Ratio 
7  14  21  28  
3:1 a 29.26 A 
a 18.12 B a 12.29 C a 5.57 D 
4:1 b 23.17 A 
a 17.35 B 
a 11.36 C 
b 5.65  D 
5:1 c  21.04 A 
b 15.06 B 
b 10.61 C 
b  4.83 D 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).   In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05). 
 
4.3.3 Compressive strength 
Highly significant effects were found for cement/wood ratio (p=0.0001), 
curing time (P=0.0001) and their interaction (p=0.004) on the compressive 
strength of Ailanthus excelsa wood-cement aggregate (Appendix Table 9).  
The coefficient of determination was 95% and the coefficient of variation 
was 5.53%.  The results of Duncan's Multiple Range Test are given in    
Table 15.  
When curing the aggregate for 14 days or less, there were no significant 
differences in compressive strength between ratios 4:1 and 5:1, but 
significant differences were found between them and ratio 3:1.  At curing 
time 21 days, no significant differences were found between ratios 3:1 and 
4:1, but they were significantly different from ratio 5:1.  When the aggregate 
was allowed to cure for 28 days, there were no significant differences among 
the three levels of cement/wood ratio (3:1, 4:1 and 5:1). 
At all cement/wood ratios, no significant differences were found in 
compressive strength between curing times 7 and 14 days, and between 
curing times 21 and 28 days.  Compressive strength values of the aggregates 
that were cured for 7 and 14 days were significantly lower than for those 
cured for 21 days or more.  Curing for 28days has the highest value of 
compressive strength.  These results are in total agreement with the findings 
of Mallari et al (1994) who used ordinary Portland cement (OPC) in 
manufacturing wood-cement products and concluded that OPC has a faster 
setting time, higher bending strength and excellent water resistant tested 
after curing in water for 28days.  Many researchers such as Abdallah (1998); 
Ibrahim (1995); Hassan (1999); Alhedy (1999) and Ahmed (2005), used the 
curing time 28 days as ideal period which allowed cement to cure completely 
through or enhance the process of mechanical interlocking of its crystals.   
 
Table 15. Effect of cement/wood ratio and curing times on the 
compressive strength (N/mm2) of Ailanthus wood-cement aggregate 
Curing time (days) 
Ratio 
7  14  21  28  
3:1 b 7.21 B b 8.79 B b 11.64 A a  12.66 A 
4:1 a 8.66 B 
a 9.53 B b 11.79 A a 12.90  A 
5:1 a 8.86 B 
a  9.69 B 
a 13.91 A 
a 13.13 A 
In the same raw, means with the same upper case letter are not significantly 
different (p ≤ 0.05).  In the same column, means with the same lower case 
letter are not significantly different (p ≤ 0.05). 
 
 
CHAPTER 
CONCLUSION AND RECOMMENDATION 
 
  5.1 Conclusions 
(a) Effect of cement/wood ratio: 
? Increasing the levels of cement/wood ratio from 1:1 to 5:1 is 
associated with an increase in compressive strength and density and a 
decrease in water absorption of Ailanthus excelsa wood-cement 
aggregate. 
 
(b) Effect of wood pretreatment: 
? Density and water absorption were not affected by wood 
pretreatments. 
? Addition of calcium chloride leads to an increase in compressive 
strength at higher cement wood ratios (4:1 and 5:1). 
? Water extraction led to an increase in compressive strength at higher 
cement wood ratios (3:1, 4:1 and 5:1). 
 
(c) Effect of lime replacement: 
? Increasing lime replacements from 10% to 40% in the aggregate 
led to a decrease in compressive strength and density, and an 
increase in water absorption of wood-cement aggregate. 
 
(d) Effect of curing time: 
? Increasing curing time from 7 to 28 days caused an increase in 
compressive strength and density and adecrease in water absorption 
of Ailanthus excelsa wood-cement aggregate. 
 
 
Recommendations 
 
Further studied are needs on:  
 
? The effect of different levels pressure. 
? The effect of lime replacements less than 10% and comparing it with 
other lime replacements. 
? The effect of treating wood with different soaking periods. 
? More research work is needed to investigate the aggregating of 
Ailanthus excelsa with various wood species in the same wood-cement 
aggregate. 
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Appendix Table 1. Analysis of variance for basic density and green density of Ailanthus wood-cement  
aggregate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Basic Density 
Green Density 
 Source 
Degrees of 
freedom 
Mean squares Probability Mean squares Probability 
Ratio 4 1.44 0.0001 2.65 0.0001 
Treatment 2 0.02 0.1555 0.02 0.0687 
Ratio*Treatment 8 0.01 0.5236 0.01 0.4038 
Error  0.01  0.01  
Appendix Table 2.  Analysis of variance for 2-h water absorption and 24-h water absorption of Ailanthus wood-
cement aggregates 
2h water absorption 24h water absorption 
Source 
Degrees of 
freedom Mean squares Probability Mean squares Probability
Ratio 4 7954.34 0.0001 9864.99 0.0001 
Treatment 2 421.12 0.3882 397.56 0.2812 
Ratio*Treatment 8 2272.20 0.2663 226.17 0.6538 
Error  217.90  304.59  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix Table 3.  Analysis of variance for compressive strength of Ailanthus wood-cement aggregates 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Compressive strength 
Source Degrees of freedom 
Mean squares Probability 
Ratio 4 163.955 0.0001 
Treatment 2 68.511 0.0001 
Ratio*Treatment 8 11.286 0.0001 
Error  0.362  
 
 
 
 
Appendix Table 4.   Analysis of variance for basic density and green density of Ailanthus wood-cement aggregate 
 
 
 
 
 
Basic Density 
 
Green Density 
 Source 
Degrees of 
freedom 
Mean squares Probability Mean squares Probability 
Ratio 2 0.3407 0.0001 0.1026 0.0001 
Lime 3 0.0130 0.0001 0.0114 0.0001 
Ratio*Lime 6 0.0004 0.0027 0.0002 0.0144 
Error  0.00009  0.00008  
 
 
 
 
Appendix Table 5. Analysis of variance for 2-h water absorption and 24-h water absorption  
of Ailanthus wood-cement aggregate 
2h water absorption 24h water absorption 
Source 
Degrees of 
freedom Mean squares Probability Mean squares Probability 
Ratio 2 2274.67 0.0001 4017.561 0.0001 
Lime 3 239.826 0.0027 534.051 0.0001 
Ratio*Lime 6 356.648 0.0001 4.8289 0.0793 
Error  42.0110  2.3164  
 
 
 
 
 
 
 
 
 
 
Appendix Table 6. Analysis of variance for compressive strength of Ailanthus  
wood-cement aggregates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Compressive strength 
Source Degrees of freedom 
Mean squares Probability 
Ratio 2 95.107 0.0001 
Lime 3 65.617 0.0001 
Ratio*Lime 6 4.537 0.0001 
Error  0.1138  
 
 
 
 
Appendix Table 7.  Analysis of variance for basic density and green density of Ailanthus  
wood-cement aggregate 
 
Basic Density 
 
Green Density 
 Source 
Degrees of 
freedom 
Mean squares Probability Mean squares Probability 
Ratio 2 0.002 0.0603 0.003 0.0002 
Curing time 3 0.356 0.0001 0.006 0.0001 
Ratio*curing 
time 6 0.001 0.0557 0.001 0.0239 
Error  0.001  0.001  
 
 
 
 
 
 
 
 
Appendix Table 8.  Analysis of variance for 2-h water absorption and 24-h water absorption of Ailanthus wood-
cement aggregates 
 
2h water absorption 24h water absorption 
Source 
Degrees of 
freedom Mean squares Probability Mean squares Probability 
Ratio 2 2.806 0.6514 2.603 0.6920 
Curing time 3 244.654 0.0001 521.094 0.0001 
Ratio*curing 
time 6 24.644 0.0048 18.200 0.0338 
Error  6.466  6.999  
 
 
 
 
 
 
 
 
 
Appendix Table 9.  Analysis of variance for compressive strength of Ailanthus wood-cement aggregates 
 
 
 
 
 
 
 
 
  
  
  
  
 
  
  
  
  
  
  
  
  
  
  
  
Compressive strength 
Source Degrees of freedom 
Mean squares Probability 
Ratio 2 6.793 0.0001 
Curing time 3 64.977 0.0001 
Ratio*curing time 6 0.373 0.0044 
Error  0.304  
 
